Solar assisted desiccant cooling system is an attractive and cost effective application for air conditioning system. To find effect of dehumidification capacity on the performance of cooling system, four configurations of desiccant cooling system have been investigated. These models were simulated for 8,760 hr of operation under hot and humid weather in Malaysia. Important parameters ( coefficient of performance or COP, room temperature and humidity ratio) were evaluated by detecting the temperature and humidity ratio of different points of each configuration by TRNSYS simulation. The simulation models have been validated by means of by data measurement of a one-stage solar desiccant cooling system, which was installed in technology park of UKM in Malaysia. The capacity of cooling load and also the sensible heat ratio of the zone were 1ton, and 0.25respectively. It was achieved that by increasing the dehumidification capacity of desiccant cooling system the COP of system will be increased. Therefore, due to high dehumidification capacity, the two-stage ventilation mode with 1.06 of COP was considered as the best model amongst the other configurations. The two-stage ventilation produced supply air at 17.6 °C and 0.0096 kg/kg to remove the sensible load of the room, whereas the supply air temperatures of the other configurations were higher.
Introduction
Nowadays, due to increasing price of electric power, the high energy consumption of HVAC system has become a common issue in the world, especially in hot and humid regions where air conditioning system is needed most of the times. The large amount of HVAC energy consumption is related to chiller, which supplies chilled water for cooling coil (Dezfouli et al., 2012) . To support the acts of, dehumidification and sensible cooling being carried by cooling coil, cooling coil needs large amount of energy. In recent years, in order to separate dehumidification and sensible cooling, solar assisted desiccant cooling system was identified as an attractive, cost effective and also alternative air conditioning system. Generally, the desiccant cooling system consists of three main parts such as, chemical dehumidifier, cooling device and thermal source for regeneration (Enteria and Mizutani, 2011) . The dehumidifier includes a rotary wheel, which is stuffed by desiccant material such as, silica-gel to absorb the water vapor of air (Steven Brownand Domanski, 2014) . Depending on requirement of sensible cooling, the cooling device can be selected from amongst a few options such as, direct evaporative cooling, indirect evaporative cooling, and cooling coil (Dezfouli et al., 2013) . The waste heat, solar heat, geothermal and electric heater can be used as thermal sources in desiccant cooling system. In order to improve performance of desiccant cooling system, many researchers and scientists investigated various parameters. Panaras et al. (2011) investigated the impact of regeneration temperature and air flow rate on the performance of ventilation and recirculation. They found that by increasing regeneration temperature and airflow rate, the COP of system reduces, while in the same conditions the COP of ventilation mode is higher than that in recirculation mode. Chung and Lee (2011) analyzed the effect of various kinds of design parameters on the performance of a desiccant cooling system under two different system configurations. Sphaier and Nobrega (2012) have studied the component effectiveness on the ventilation and recirculation desiccant cooling system performance. Their results show that, although all components can influence the overall system performance, the effectiveness of heat recovery wheel and desiccant wheel have a greater influence. Fong et al. (2010) have simulated a solar assisted desiccant cooling system in subtropical Hong Kong. They demonstrated that the SADCS can provide a satisfactory performance in the subtropical Hong Kong. Ge et al. (2010) have experimentally evaluated the performance of a two-stage desiccant cooling system as function of regeneration temperature under three different outdoor conditions. They found that the TSDCS can handle cooling load of buildings in different climates, while in order to find best COP of system for each kind of outdoor condition, regeneration temperatures must change based on outdoor condition. La et al. (2012) proposed a two-stage desiccant cooling system with indirect evaporative cooling instead of direct evaporative cooling. They compared the performance of the proposed system with one-stage and two stage direct evaporative cooling system. It was clouded that for subtropical outdoor condition (35, 14gr/kg), the COP of twostage system with indirect evaporative cooler is higher than that in one-stage.
The present paper presents effects of dehumidifycation capacity on the performance of desiccant cooling system in hot humid weather of Malaysia by using TRNSYS simulation.
Methodology
The methodology of this study is based on comparison performance between the two kinds of desiccant cooling system with different dehumidification capacities. Four types of desiccant cooling systems with low and high dehumidifycation capacities were evaluated by using TRNSYS simulation software. To support and validate simulation data, one basic desiccant cooling system as shown in figure 1 was installed in technology park (UKM) in Malaysia. The system consisted of four main parts:1-solid desiccant rotary wheel with silica-gel material for dehumidification propose, 2-heat recovery wheel for per-cooling in process air side, and per heating in regeneration side, 3-direct evaporative cooling as cooling device, 4-solar evacuated tube as thermal source for regeneration. The cooling load as well as the sensible heat ratio of the test room were 1ton, and 0.25 respectively. According to Malaysian weather data, the average temperature and humidity ratio of ambient air were 30 o C and 0.020 kg/kg. After collecting the experimental data, and TRNSYS validation, four configurations of desiccant cooling system, namely, one-stage ventilation, one-stage recirculation, two-stage ventilation, and two-stage recirculation, were simulated for 8,760 h of operation. The simulation models were evaluated under two categories of dehumidification process such as, low dehumidification capacity and high dehumidification capacity. Then, in order to compare analysis, the temperature and humidity ratios of test room, along with performances of each system were determined by means of simulation results.
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According to the losses in the actual desiccant cooling system, the effectiveness of the components is selected based on efficiency. The effectiveness of the dehumidifier included two parameters F1 and F2 that were 0.1 and 0.07, respectively. The mass flow rates of the process air and regeneration air were 0.86 kg/s. The effectiveness of the heat recovery wheel was 0.8. The saturation efficiency of the evaporative cooling was 0.8. Furthermore, the efficiency of the others components such as, the pump, fan, and heat exchanger was 0.9. The solar desiccant cooling system was divided into two parts, namely, the one stage and the two stages, which are explained in Section 2.2 and 2.3, respectively.
Low Dehumidification Capacity
Definition of low dehumidification capacity is related to limitation of dehumidification capacity by using one desiccant rotary wheel in solar cooling system. In this section, one-stage desiccant cooling system under two operation modes of ventilation and recirculation are explained. Figure2 (a) shows the ventilation mode of the one stagesolar desiccant cooling that provides supply air to the room from ambient air. Figure 2 (b) shows modeling of solar desiccant cooling system in ventilation mode that was designed by TRNSYS software. The ventilation mode is an open cycle system which has two air flows of regeneration and process. In process side, air released one parts of its water vapor by crossing of the one-stage desiccant wheel. Then the heat recovery wheel acts as cooling for air. The air in direct evaporative cooling becomes cool as supply air. In regeneration side, the return air from zone goes to one evaporative cooling device then in heat recovery wheel. The hot air removes the absorbed water vapor of desiccant material by using solar heat and electric heater.
In recirculation mode, apposed to ventilation mode, the supply air is provided from return air. Therefore, the process air side in the recirculation mode is a close loop while ambient air is used for regeneration air side. Figure 3 (a) shows the recirculation of the solar desiccant cooling system. Figure 3(b) shows the simulation model of the recirculation mode solar desiccant cooling system designed by the TRNSYS software.
High Dehumidification Capacity
Definition of high dehumidification capacity is related to extension of dehumidification capacity by using two desiccant rotary wheels in solar cooling system. In this section, two-stage desiccant cooling system under two operation modes of ventilation and recirculation is explained. Figure 4 shows the schematic of two-stage ventilation desiccant cooling system, which is an open cycle system. Due to using two desiccant wheels, the dehumidification capacity of this system was two times higher than one-stage desiccant cooling system. The air properties of each of the 15 points were characterized by the simulation model. The simulation of the solar desiccant cooling system under the ventilation mode is shown in Figure 5 . Science Target Inc. www.sciencetarget.com Figure 6 shows the schematic of the two-stage recirculation desiccant cooling system which is a closed loop system. Figure 7 shows the simulation model of the solar desiccant cooling system under the recirculation mode.
Performance of Desiccant Cooling System
The COP of the solar desiccant cooling system can be calculated by the rate of heat extracted against the rate of heat regenerated. The rate of heat extracted is the cooling capacity of the system that supplies cooling air to the room. The rate of heat regeneration consists of the regeneration heat input by the heater and the solar heat. Therefore, the COP of the system is obtained by the following relationship (Henning et al., 2001 ).
[1]
The COP of the one-stage solar desiccant cooling system under the ventilation and recirculation modes is defined as the ratio between the enthalpy change from ambient air to supply air, multiplied by mass air flow and external heat delivered to the regeneration heat exchanger. It can be written as follows:
[2] 
Results and Observations
The main objective of this study was to evaluate the effect of dehumidification capacity on the performance of desiccant cooling system. In addition, results of low and high dehumidification capacity systems were determined by means of simulation. The results consist of room temperature, humidity ratio, regeneration temperature, and performance of desiccant cooling system for each category. Figure 8 shows temperature results of low dehumidification capacity of desiccant cooling systems (one-stage ventilation and recirculation desiccant cooling system) versus time under 8760 hour operation. The supply air temperature and room temperature under ventilation cycle were almost the same as recirculation cycle. The average supply air temperature was 22 o C for ventilation and recirculation. The average room temperature for ventilation and recirculation modes was 30.70 o C. The regeneration temperature of ventilation and recirculation were different. The average regeneration temperature for ventilation mode is 80.50 o C while it is 70 o C for recirculation mode. Figure 9 shows results of humidity ratio for desiccant cooling system with low dehumidification capacity (one stage ventilation and recirculation). The humidity ratio reduced from 0.020 kg/kg to 0.0.10 kg/kg by using one-stage desiccant wheel in ventilation and recirculation modes. This difference (0.010 kg/kg) is the dehumidification capacity of one-stage desiccant cooling system. The average humidity ratio of room can reach 0.015 kg/kg. Figure 10 shows temperature results of high dehumidification capacity of desiccant cooling system in ventilation mode versus time under 8760 hour operation. Due to using two desiccant wheels, two regeneration temperatures are detected in this system. In ventilation mode, the first and second regeneration is almost the same. The first regeneration temperature is 82 o C while the second one is around 80 o C. The average room temperature and supply air are 27 o C, and 20 o C respectively. Figure 12 shows results of humidity ratio for desiccant cooling system with high dehumidification capacity (two-stage ventilation and recirculation). The humidity ratio reduced from 0.020 kg/kg to 0.05 kg/kg by using two-stage desiccant wheel in ventilation and recirculation modes. This difference (0.015 kg/kg) is the dehumidification capacity of one-stage desiccant cooling system. The average humidity ratio of the room can reach 0.011 kg/kg.
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Comparison of Low and High Dehumidification Capacity Systems
According to the results of two kinds of desiccant cooling systems (one-stage and two -stage) in ventilation and recirculation modes, comparison analysis is explained in this section. As shown in table 1, the room temperature in desiccant cooling system with low dehumidification (one-stage), is higher than that in desiccant cooling system with high dehumidification (two-stage).
Science Target Inc. www.sciencetarget.com The humidity ratio of air before crossing the evaporative cooling in two-stage is less than that in one-stage. In fact, direct evaporative cooling in two-stage desiccant cooling system acts more efficiently in comparison with one-stage desiccant cooling system. Therefore, the supply air of twostage is cooler than that in one-stage, hence the room under two stages is cooler than room under one-stage. At the same time due to high dehumidification capacity of two-stage in comparison to one-stage desiccant cooling system, the room is also cooler.
The humidity ratio of room under two-stage is less than that in one-stage, due to high dehumidification capacity of two-stage desiccant cooling system as compared to one stage. The performance of the two-stage ventilation system is higher than performance of one-stage ventilation. But in recirculation mode, performance of one-stage is higher than two stages. Due to high difference between COP of two-stage and COP of one-stage in ventilation mode, it can be considered that the high dehumidification capacity has positive effect on increasing performance of desiccant cooling system. Regeneration temperature of two-stage systems in ventilation and recirculation modes is higher than that in one-stage ventilation and recirculation, but not too much ( the difference is less than 10 o C).
Conclusions
The present paper has presented effects of dehumidification capacity on the performance of desiccant cooling system in hot humid weather of Malaysia by using TRNSYS simulation. Four model configurations of a solar desiccant cooling system, namely, one-stage ventilation, one-stage recirculation, two-stage ventilation, and two-stage recirculation, were simulated for 8,760 h of operation. It can be concluded that the high dehumidification capacity has positive effect on increasing performance of desiccant cooling system and also, on providing required supply air to achieve thermal comfort condition of rooms in hot and humid areas. Therefore, based on the condition of ambient air (30°C and 0.0200 kg/kg), the two-stage solar desiccant cooling system under the ventilation mode is more suitable than the other configurations.
